The SPS is the first hadron collider operating with bunched beams and head-on collisions. In this respect, it is more similar to electron storage rings than to the ISR, but without the natural beam cooling due to synchrotron radiation damping. Experience has shown that this is, indeed, the case.
Introduction
The SPS started operation as a protonantiproton storage ring at the end of 19811). This was followed by a second experimental period at the end of 1982, when the machine was run continuously for about 2 months for physics datataking. During this time access to the machine for accelerator phyiscs was extremely limited, so most of the results had to be obtained on a parasitic basis.
Up to now, the machine has operated entirely in the strong-weak regime due to a lower antiproton collection rate than expected.
Initially, the collider was operated with two proton bunches of around 7 -8 x 1010 particles per bunch (ppb) to ether with a single antiproton bunch of up to 1010 ppb in order to simultaneously provide collisions in both experimental areas, which are in adjacent straight sections. Recently, the luminosity has been improved by colliding 3 The optimum tune value is such that the antiproton bunches stay clear of the 10th order resonance. This is more critical for 3 x 3 bunches than for 2 x 1 but when carefully adjusted the antiproton lifetime is essentially the same in both cases. Further increase of the beam-beam tune shift per interaction or of the number of bunches per beam will almost certainly cause a degradation of the antiproton lifetime at this working point unless the total beam-beam spread can be reduced.
The lifetime of the antiproton beam depends strongly on emittance. If it is larger than the proton emittance a self-scraping process occurs, where the large amplitude particles are rapidly lost and consequently the emittance decreases over the first hour or so of storage. As a result the initial lifetime is low and the initial background in the experiments is very high. Gradually, the emittance approaches that of the protons and finally the two beams blow up at the same rate. The self-scraping of the p beam is clearly seen. The emittance growth rate is 1.1 x 10-3 Tr mm.mrad/h, which is not significantly higher than that calculated from the measured gas pressure. Shot 71 shows that the growth rate with about 707 more intensity is identical, so is independent of bunch current. Shot 239 shows the situation with 3p x 3p. The emittance grows 3 times faster than in the previous cases. This behaviour is very reproducible from store to store and has been measured both with the wire scanner and with the synchrotron light detector. It is thought to be due to the proximity of the 3rd order resonance, known to be strongly excited by the chromaticity correction sextupoles. In the case of 3p x 3p the protons must be moved closer to the resonance in order to clear the 10th with the antiprotons (figure 1). With full design intensity in the proton bunches (lOllppb) and nominal initial emittance (£3y 17 'r mm.mrad), the mean luminosity lifetime is about 17 hours. This is roughly equally divided between antiproton bunch lifetime (T 40 hours) and this anomalous proton beam blow-up.
Clearly the need to stay clear of resonances of such high order imposes a severe limitation on the maximum proton intensity tolerable either in few high intensity bunches or in many bunches of lower intensity. In addition, there are several other effects which limit the bunch intensity and phase-space density.
Microwave instability Radio- Figure 2 where M is the number of bunches and M is the coefficient of the pth azimuthal harmonic of the beam-beam force. a is the normalised emittance a = r2/02 .The functions U and Vn are given by6).
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The amplitude equation conspire to lower the stochastic threshold. 
